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CLIENT-BASED STORING OF TUNING
PARAMETERS FOR POSITIONING
SERVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry of International
Application No. PCT/EP2018/050993, filed Jan. 16, 2018,
the entire contents of which are incorporated herein by
reference.

FIELD

The following disclosure relates to the field of position-
ing, or more particularly relates to systems, apparatuses, and
methods for compensating variations of senor readings
across clients, wherein those sensor readings are used for
providing positioning services to the clients.

BACKGROUND

Modern global cellular and non-cellular positioning tech-
nologies are based on collecting large global databases
containing information on the cellular and non-cellular
signals as data. This data originates from the users of these
positioning technologies.

The data from the users 1s typically in the form of
fingerprints, which may contain GNSS—(Global Naviga-
tion Satellite System) based location estimate and/or mea-
surements taken from radio interfaces (cellular and/or non-
cellular).

This data gets uploaded to a server or a cloud, where
algorithms are run to generate models of wireless commu-
nication nodes for positioning purposes. Such models may
be coverage areas, (radio) node positions, radio propagation
models, or the like, for instance 1n the form of so called radio
maps. In the end, these models are transierred to the posi-
tioming servers or back to the user terminals for use in
position determination.

Mobile terminals of end user having GNSS-capability can
benefit from using cellular and/or non-cellular positioning
technologies 1n terms of time-to-first-fix and a reduction of
power-consumption of the mobile terminal. Also, not all
applications require GNSS-based position. Cellular respec-
tively non-cellular positioning technologies work indoors,
which 1s generally a challenging environment for GNSS-
based technologies.

In a terminal-assisted mode, a mobile terminal of an end
user performs measurements of cellular and/or non-cellular
air interface. Those measurements in general stem from
radio sensor readings of the mobile terminal (e.g. BLE
(Bluetooth Low Energy), Wi-Fi, and/or cellular measure-
ments). Then, those measurements are provided to a (re-
mote) server or server cloud providing radio maps and/or
positioning services. The server or the server cloud deter-
mines a location estimate of the position of the mobile
terminals based at least partially on the radio sensor read-
ings. In return, the server provides the location estimate back

to the mobile terminal.

SUMMARY OF SOME EXEMPLARY
EMBODIMENTS

However, due to the multitude of devices in particular
mobile terminals participating 1n the data collection and in
the location discovery based on the collected data, there
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exist differences 1n the measurements although those mea-
surements are gathered at the same location. For 1nstance,
the different size and position of the antenna(s), possible
interference ol other radios on-board, different firmware,
different hardware, and/or cover material covering in par-
ticular the antenna(s) influence the radio sensor readings. In
other words, different devices report different radio sensor
readings 1n the same circumstance. Further, there may be
differences even between units of the same device model.
It 1s thus, mter alia, an object of the invention to com-
pensate the device specific bias of radio sensor readings of
such devices to enhance the determining of accurate location
estimate.
According to a first exemplary aspect of the present
invention, a method 1s disclosed, the method comprising:
determiming at least one fingerprint information indicative
of at least one 1dentifier of a cellular and/or a non-
cellular radio network, wherein based on the identifier
at least one cell of the cellular radio network and/or at
least one node of the non-cellular radio network 1s
identifiable:
sending the at least one fingerprint information, wherein
the at least one fingerprint information comprises or 1s
accompanied by a first set of tuming parameters in case
such a set of tuning parameters 1s stored 1n a memory;

receiving a second set of tuning parameters 1n response to
the sending of the at least one fingerprint information
wherein the first and/or the second set of tuning param-
eters respectively comprise a correction value for com-
pensating a bias for the at least one fingerprint infor-
mation; and

storing the received second set of tuning parameters,

wherein the {first set of tuning parameters 1s updated
with the second set of tuming parameters enabling to
iteratively converge the set of tuning parameters to the
actual bias.

This method may for instance be performed and/or con-
trolled by an apparatus, for mstance an electronic device,
¢.g. a mobile terminal. For instance, the method may be
performed and/or controlled by using at least one processor
of the electronic device.

According to a further exemplary aspect of the invention,
a computer program 1s disclosed, the computer program
when executed by a processor causing an apparatus, for
instance a server, to perform and/or control the actions of the
method according to the first exemplary aspect.

The computer program may be stored on computer-
readable storage medium, 1n particular a tangible and/or
non-transitory medium. The computer readable storage
medium could for example be a disk or a memory or the like.
The computer program could be stored in the computer
readable storage medium in the form of instructions encod-
ing the computer-readable storage medium. The computer
readable storage medium may be intended for taking part in
the operation of a device, like an internal or external
memory, for istance a Read-Only Memory (ROM) or hard
disk of a computer, or be intended for distribution of the
program, like an optical disc.

According to a further exemplary aspect of the invention,
an apparatus 1s disclosed, configured to perform and/or
control or comprising respective means for performing
and/or controlling the method according to the first exem-
plary aspect.

The means of the apparatus can be implemented 1n
hardware and/or software. They may comprise for instance
at least one processor for executing computer program code
for performing the required functions, at least one memory




US 11,287,510 B2

3

storing the program code, or both. Alternatively, they could
comprise for instance circuitry that 1s designed to implement
the required functions, for mnstance implemented 1n a chipset
or a chip, like an integrated circuit. In general, the means
may comprise for instance one or more processing means or
Processors.
According to a further exemplary aspect of the invention,
an apparatus 1s disclosed, comprising at least one processor
and at least one memory including computer program code,
the at least one memory and the computer program code
configured to, with the at least one processor, cause an
apparatus, for instance the apparatus, at least to perform
and/or to control the method according to the first exemplary
aspect.
The above-disclosed apparatus according to any aspect of
the invention may be a module or a component for a device,
for example a chip. Alternatively, the disclosed apparatus
according to any aspect of the invention may be a device, for
instance a server or server cloud. The disclosed apparatus
according to any aspect of the mnvention may comprise only
the disclosed components, for mstance means, processor,
memory, or may further comprise one or more additional
components.
According to a second exemplary aspect of the present
invention, a method 1s disclosed, the method comprising:
receiving at least one fingerprint information indicative of
at least one 1dentifier of a cellular and/or a non-cellular
radio network, wherein based on the identifier at least
one cell of the cellular radio network and/or at least one
node of the non-cellular radio network 1s 1dentifiable,
wherein the at least one fingerprint information option-
ally comprises or 1s accompanied by a first set of tuning
parameters;
determining a second set of tuning parameters, wherein
the first and/or the second set of tuning parameters
respectively comprise a correction value for compen-
sating a bias for the at least one fingerprint information,
wherein based at least partially on the correction value
device specific parameters influencing the at least one
fingerprint information can be compensated; and

outputting the determined second set of tuning param-
cters.

This method may for instance be performed and/or con-
trolled by an apparatus, for instance a server. Alternatively,
this method may be performed and/or controlled by more
than one apparatus, for imnstance a server cloud comprising at
least two servers. The server may for instance be a posi-
tioming server providing positioning services, €.g. determin-
ing location estimate(s), or providing radio maps. In the
latter case, such a server may also be referred to as a radio
map and positioning server. Alternatively, this method may
for 1nstance be performed and/or controlled by at least two
apparatuses, for instance two servers, €.g. a positioning
server and an auxiliary server. This auxiliary server may for
instance be a tracking server that may for instance keep
record ol a time history of one or more locations of elec-
tronic devices (e.g. the first apparatus).

According to a further exemplary aspect of the invention,
a computer program 1s disclosed, the computer program
when executed by a processor causing an apparatus, for
instance a server, to perform and/or control the actions of the
method according to the second exemplary aspect.

The computer program may be stored on computer-
readable storage medium, 1n particular a tangible and/or
non-transitory medium. The computer readable storage
medium could for example be a disk or a memory or the like.
The computer program could be stored in the computer
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readable storage medium 1n the form of mstructions encod-
ing the computer-readable storage medium. The computer
readable storage medium may be intended for taking part in
the operation of a device, like an internal or external
memory, for istance a Read-Only Memory (ROM) or hard
disk of a computer, or be intended for distribution of the
program, like an optical disc.

According to a further exemplary aspect of the invention,
an apparatus 1s disclosed, configured to perform and/or
control or comprising respective means for performing
and/or controlling the method according to the second
exemplary aspect.

The means of the apparatus can be implemented 1n
hardware and/or software. They may comprise for instance
at least one processor for executing computer program code
for performing the required functions, at least one memory
storing the program code, or both. Alternatively, they could
comprise for instance circuitry that 1s designed to implement
the required functions, for mmstance implemented 1n a chipset
or a chip, like an integrated circuit. In general, the means
may comprise for instance one or more processing means or
Processors.

According to a further exemplary aspect of the invention,
an apparatus 1s disclosed, comprising at least one processor
and at least one memory including computer program code,
the at least one memory and the computer program code
configured to, with the at least one processor, cause an
apparatus, for instance the apparatus, at least to perform
and/or to control the method according to the second exem-
plary aspect.

The above-disclosed apparatus according to any aspect of
the invention may be a module or a component for a device,
for example a chip. Alternatively, the disclosed apparatus
according to any aspect of the invention may be a device, for
instance a server or server cloud. The disclosed apparatus
according to any aspect of the invention may comprise only
the disclosed components, for mstance means, processor,
memory, or may further comprise one or more additional
components.

According to a third exemplary aspect of the imnvention, a
system 1s disclosed, comprising:

a first apparatus (e.g. a mobile terminal) according to the
first exemplary aspect of the invention as disclosed above,
and a second apparatus (e.g. a server or a server cloud)
according to the second exemplary aspect of the invention as
disclosed above, which together are adapted to perform
and/or control the methods according to the first and the
second exemplary aspects of the present invention.

Additionally, the system according to the third exemplary
aspect of the present invention may further comprise a third
apparatus (e.g. an auxiliary server) that receives the at least
one fingerprint information or the positioning request from
the first apparatus, and transmits (e.g. relays) at least the at
least one fingerprint information (e.g. comprised by the
positioning request) to the second apparatus, wherein
optionally the third apparatus may transmit (e.g. relay) a set
of tuning parameters to the second apparatus together with
the at least one fingerprint information.

Further, in case the at least one fingerprint information 1s
received by the second apparatus from the third apparatus,
the (second) set of tuning parameters that 1s determined by
the second apparatus 1s outputted to the third apparatus,
wherein the third apparatus transmits (e.g. relays) this set of
tuning parameters to the first apparatus. Alternatively or
additionally to the transmitting (e.g. relaying) of the set of
tuning parameters from the third apparatus to the first
apparatus, the third apparatus may for instance store the set
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of tuning parameters, €.g. 1n a database comprised by or
connectable to the third apparatus.

In the following, exemplary features and exemplary
embodiments of all aspects of the present invention will be
described 1n further detail.

The at least one fingerprint information may for instance
comprise or represent a GNSS—(Global Navigation Satel-
lite System) based location estimate. Alternatively or addi-
tionally, such a piece of fingerprint mmformation may for
instance comprise one or more measurements of one or more
signals that are observable at a certain location.

The one or more measurement may for instance be
gathered, ¢.g. by at least one sensor (e.g. also referred to as
sensor readings). The at least one sensor may for instance be
a radio interface (e.g. a cellular and/or a non-cellular radio
interface like a transceiver)). Such a sensor may for instance
be comprised by or being connectable to the first apparatus.

The at least one fingerprint information may for instance
be determined based at least partially on one or more
measurements, €.g. gathered (e.g. measured) by the at least
one sensor. The at least one sensor may for instance be
comprised by the first apparatus. The at least one sensor may
for 1nstance be or be part of a radio sensor enabling one or
more signals to be received, wherein those one or more
signals are sent (e.g. transmitted) by entities of the cellular
and/or the non-cellular network. Such a radio sensor may for
instance be a receiver or a transceiver comprising a sender
and a receiver.

One or more measurements may for instance be or
represent one or more global and/or local identifiers of
cellular network cells observable at the location, where the
one or more measurements are gathered.

Further, the one or more measurements may for instance
be or represent one or more identifiers of one or more
WLAN (Wireless Local Area Network) access points, €.g. 1n
the form of a BSSID (Basic Service Set Identifier) or a MAC
(Media-Access-Control) address. Further, the measurements
may for instance be or represent a SSID (Service Set
Identifier).

Further, the one or more measurements may for instance
be or represent one or more identifiers of one or more
beacons (e.g. BT—(Bluetooth) and/or BLE—(Bluetooth
Low Energy) beacons), e.g. in the form of a MAC address
of the beacon.

The non-cellular network may for instance be configured
according to WLAN-, BT- and/or BLE-, and/or Zigbee
specification, to name but a few non-limiting examples.

Such a non-cellular network may for instance comprise
one or more (radio) nodes, €.g. as an inirastructure. Such one
or more radio nodes may for instance be installed 1 a
specific, thus fixed location.

The one or more radio nodes may for nstance be com-
prised by a venue, ¢.g. by an infrastructure of the venue. The
venue may for instance be a building, shopping mall, office
complex, public accessible location (e.g. station, airport,
university, or the like), to name but a few non-limiting
examples.

A respective radio node of the one or more radio nodes
may for instance be a beacon used for mdoor positioning
and/or floor detection. The radio nodes may for instance be
configured according to BT- and/or BLE-specification, or
may for instance be Wi-Fi1 Access Points for indoor posi-
tiomng and/or tloor detection, e.g. according to WLAN-
specification. Indoor positioning and/or tloor detection may
for instance be performed based on a radio map (more
details of such a radio map are described below). A respec-
tive radio node of the one or more radio nodes may for
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instance comprise or be connectable to a transceiver, e.g.
according to BT-, BLE-, and/or WLAN-specification to
provide wireless-based commumnication.

A respective radio node of the one or more radio nodes of
a non-cellular network may for instance transmit one or
more signals, wherein the one or more signals may for
instance comprise an i1dentifier of the respective radio node.
In case one or more transmitted signals of the respective
radio node are received, e.g. by the at least one sensor, the
respective radio node may for instance be identifiable based
at least partially on such an identifier.

The cellular network may for instance be configured

according to GSM (Global System for Mobile Communi-
cations), CDMA (Code Division Multiple Access),

WCDMA (Wideband CDMA), TD-SCDMA (Time Division
Synchronous Code Division Multiple Access), LTE (Long
Term Evolution), LTE-A (LTE-Advanced) specification.

According to an exemplary embodiment of the first exem-
plary aspect of the present invention, the at least one
fingerprint information 1s comprised by a positioning request
that 1s sent.

The positioning request may for instance be indicative of
requesting a location respectively position, e.g. of the first
apparatus that determined the at least one fingerprint infor-
mation to be determined (e.g. calculated; estimated). Such a
positioning request may for instance be received, e.g. by the
second apparatus (€.g. a server or a server cloud providing,
positioning services). Such a server or server cloud may also
be referred to as “radio map and positioning server”. Further,
such a server or server cloud may for instance provide a
service for a floor detection, e.g. for determining a floor on
which the first apparatus 1s located inside of a venue. For
instance, a mobile terminal located in a scenario may require
such indoor positioning and/or floor detection to be per-
formed.

The positioning request may for instance comprise the at
least one fingerprint information. Alternatively, the position-
ing request may for mstance be accompanied by the at least
one fingerprint information. Thus, the positioning request
may for instance be accompanied by the at least one fin-
gerprint information e.g. by transmitting the positioning
request and the at least one fingerprint information in
separate data packets, to name but one non-limiting
example.

Further, the at least one fingerprint information, or the
positioning request may for instance comprise or be accom-
panied by a first set of tuning parameters. Such a set of
tuning parameters may for instance be indicative of or
represent or comprise a correction value for compensating a
bias for the at least one fingerprint information, wherein
based at least partially on the correction value 1n particular
device specific parameters (e.g. of the first apparatus) intlu-
encing the at least one fingerprint information, or more
specifically the one or more measurements gathered by the
at least one sensor that are used, at least partially, for
determining the at least one fingerprint information, can be
compensated. By such a compensation, accurate or more
accurate location estimates indicative of a location respec-
tively position (e.g. of the first apparatus requesting its
position respectively location to be determined by sending a
positioning request) can be determined and subsequently
provided. Such a set of tuning parameters may for instance
enable a service, e.g. provided by a server (e.g. a positioning
service) to be tuned according to the set of tuning param-
eters.

The first set of tuning parameters—in case it was received
prior to performing and/or controlling the method according
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to the first exemplary aspect of the present invention—is
stored 1n the memory, wherein the memory may for istance
be comprised by or be connectable to the first apparatus.

After the at least one fingerprint information, or the
positioning request 1s sent, e.g. to the second apparatus (e.g.
a radio map and positioning server), a second set of tuning
parameters 1s received.

According to an exemplary embodiment of the first exem-
plary aspect of the present invention, the second set of
tuning parameters 1s stored only 1n case the first set of tuning,
parameters 1s outdated.

According to an exemplary embodiment of the first exem-
plary aspect of the present invention, the second set of
tuning parameters 1s received only 1n case the first set of
tuning parameters 1s outdated.

The first set of tuning parameters may for instance be
outdated 1n case device specific parameters (e.g. of the first
apparatus) mfluencing the at least one fingerprint informa-
tion, or more specifically the one or more measurements
gathered by the at least one sensor, and wherein one or more
measurements are used, at least partially, for determining the
at least one fingerprint information, may have changed with
respect to the first set of tuning parameters. Those device
specific parameters may for instance have changed e.g. 1n
case a firmware was updated by the device (e.g. the first
apparatus), and/or at least a part of the hardware (e.g. cover
of the first apparatus, display of the first apparatus, to name
but a few non-limiting examples) have changed. Further, the
second set of tuning parameters may for instance be received
by the first apparatus, 1n case the sent positioning request
does not comprise or 1s not accompamed by such a first set
of tuning parameters. In this last mentioned case, the first
apparatus always receives a set ol tuning parameters upon
the sending of the at least one fingerprint information, or the
positioning request.

When the first apparatus sends the at least one fingerprint
information, or the positioning request for the first time, e.g.
to a second apparatus performing and/or controlling the
second exemplary aspect of the present invention, the at
least one fingerprint information, or positioning request does
not comprise or 1s not accompanied by a (first) set of tuning,
parameters since such a set of tuning parameters i1s not
available on side of the first apparatus (e.g. none of such a
set of tuning parameters 1s stored 1n a memory of the first
apparatus). In case such a set of tuning parameters 1is
available on side of the first apparatus, this set of tuning
parameters 1s sent (e.g. provided) together with the at least
one fingerprint information, or the positioning request. This
set of tuming parameters may for instance be used by the
recipient (e.g. the second apparatus) to determine another set
of tuning parameters considering the provided set of tuning
parameters. Then, the {first apparatus may for instance
receive the “new” set of tuning parameters as a second set
of tuning parameters, wherein this second set of tuning
parameters may for istance be sent together with the at least
one fingerprint information, or the positioning request the
next time. In this way, it 1s enabled to iteratively converge
the set of tuning parameters to the actual bias.

When the first apparatus sends the at least one fingerprint
information, or the positioning request, wherein the at least
one fingerprint information, or the positioning request
respectively comprise or 1s accompanied by the first set of
tuning parameters, the recipient (e.g. the second apparatus)
of the first set of tuning parameters may for instance not
determine a second set of tuning parameters 1n case it 1s
determined that this first set of tuning parameters that is
received by the second apparatus 1s not outdated, since, for
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instance this first set of tuning parameters has already
converged to the actual bias. Then, there 1s no need to
determine the second set of tuning parameters. Further, there
may for instance be no need for the second apparatus to
output the second set of tuning parameters to the first
apparatus. Thus, the second set of tuning parameters may for
instance only be received (by the first apparatus) 1n case the
(sent; e.g. provided) first set of tuning parameter 1s outdated,
since 1n this case, the second apparatus determines such a
second set of tuning parameters.

According to an exemplary embodiment of all aspects of
the present invention, at least one fingerprint information
does not comprise or 1s not accompanied by the first set of
tuning parameters 1n case the first set of tuning parameters
has changed.

The first set of tuning parameters may for instance have
changed due to a reset (e.g. of the first apparatus). Such a
reset may for instance be a device reset of the first apparatus.

For instance, the first apparatus may have stored the first
set of tuning parameters, wherein the first set of tuning
parameters may have been received as a response of another
at least one fingerprint information, or another positioning
request sent prior to the sending of the at least one finger-
print information, or the positioning request of the method
according to the first exemplary aspect of the present inven-
tion. Since the first apparatus that has stored the first set of
parameter values does not know which parameters respec-
tively which set of tuning parameters 1t stores, or which
values the set of tuning parameter has or represents, 1n case
of such a (device) reset, a stored first set of tuning param-
cters 1s omitted. Thus, the at least one fingerprint informa-
tion, or the positioning request does not comprise or 1s not
accompanied by the first set of tuning parameters in case the
first set of tuning parameters has changed.

According to an exemplary embodiment of all aspects of
the present invention, the at least one fingerprint information
turther comprises or represents one or more signal strength
values, wherein each of the one or more signal strength
values 1s indicative of a signal strength of one or more
signals observable at the location at which one or more
measurements used for determining the at least one finger-
print information are gathered, and wherein the one or more
signals are sent by at least one cell of the cellular radio
network and/or by at least one radio node of the non-cellular
radio network.

Further, the one or more measurements may for instance
be or represent signal strength and/or pathloss estimates.
Further, the one or more measurements may for mstance be
or represent timing measurements (timing advance and/or
round-trip time). At least one sensor (e.g. a transceiver), €.g.
comprised by the first apparatus, may for instance be used
for determiming (e.g. measuring) the one or more measure-
ments. Further, such a transceiver may for instance be used
to transmit (e.g. broadcast) the determined one or more
measurements.

Additionally or alternatively, the one or more measure-
ments may for instance be or represent signal strengths
information (e.g. received signal strength index, physical Rx
level) of one or more signals transmitted, e.g. by one or more
WLAN access points.

One or more signal strength values may for instance be
determined by measuring the one or more signal strength
values based on sent beacon signals of the one or more
beacons. One of the one or more signal strength values may
for instance be represented by a received signal strength
value (RSS). Such a received signal strength value may for
instance represent the power of a recerved radio positioning
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support signal (e.g. at the at least one first apparatus),
wherein such a radio positioning support signal may for
instance be sent (e.g. periodically) from each of the one or
more beacons. An example of a recerved signal strength
parameter 1s a received signal strength indicator (RSSI) or a
representation of a physical receiving power level value (e.g.
a Rx power level value) in dBm. A signal strength value may
for 1nstance represent a signal strength measurement of the
observable signal strength at the location of the measure-
ment.

After determining the one or more signal strength values,
the positioning request may for instance comprise or be
accompanied by the one or more measurements, €.g. repre-
senting one or more signal strength values.

According to an exemplary embodiment of all aspects of
the present invention, the at least one fingerprint information
1s determined based at least partially on one or more
measurements gathered by at least one sensor (e.g. of the
first apparatus).

Additionally, the at least one fingerprint information 1s
determined based at least partially on one or more 1dentifiers
of entities of the cellular and/or non-cellular radio network.
Such an entity of the cellular radio network may for instance
be a base station of a cell of the cellular radio network.
Further, such an entity of the non-cellular radio network may
for instance be a radio node (e.g. WLAN access point, or a
(B'T- and/or BLE) beacon).

The at least one fingerprint information may for instance
be determined (e.g. calculated) based at least partially on a
GNSS-based location and the one or more measurements,
¢.g. gathered by the at least one sensor (e.g. comprised by or
connectable to the first apparatus). The determined at least
one fingerprint information may thus contain at least one
GNSS-based location estimate and the one or more mea-
surements taken from the cellular and/or non-cellular radio
networks.

According to an exemplary embodiment of all aspects of
the present invention, the first apparatus 1s or i1s part of
mobile terminal.

The first apparatus may for instance be a terminal (e.g. a
smartphone, tablet, navigation device, to name but a few
non-limiting examples). The electronic device may for
instance be portable (e.g. weigh less than 35, 4, 3, 2, or 1 kg).
The electronic device may for instance comprise or be
connectable to a display for displaying a radio map, e.g. the
generated radio map. The electronic device may for instance
be configured to perform indoor navigation and/or position-
ing and/or floor detection based on a provided radio map.
The electronic device may for instance comprise or be
connectable to means for outputting sound, e.g. in the form
of spoken commands or information. The electronic device
and/or the terminal may for instance comprise or be con-
nectable to one or more sensors for determiming the elec-
tronic devices position, such as radio-based indoor position-
ing from e.g. observed RSS—(received signal strength)
measurements as e.g. a horizontal position and/or floor level
(e.g. as vertical position), e.g. 1n a venue.

According to an exemplary embodiment of all aspects of
the present invention, the memory 1s comprised by the first
apparatus.

The second set of tuning parameters—in case 1t 1S
received—is stored in the memory comprised by or being
connectable to the first apparatus. When the second set of
tuning parameters 1s stored in such a memory, a first set of
tuning parameter that may for instance be already stored in
the memory, may for instance be updated with the second set
of tuning parameters, or alternatively may be replaced (e.g.

10

15

20

25

30

35

40

45

50

55

60

65

10

overwritten) by the second set of tuning parameters. The
second set of tuning parameters e.g. stored 1n the aforemen-
tioned way, may for instance be used as another first set of
tuning parameters for sending a further positioning request,
¢.g. when the method according to the first exemplary aspect
of the present invention 1s performed and/or controlled
again.

According to an exemplary embodiment of all aspects of
the present invention, the method further comprises:

determining a status information indicative of whether or

not the first set of tuning parameters 1s outdated 1n case
such a first set of tuning parameters 1s stored, wherein
the status information 1s determined based at least
partially on one or more reset parameters indicative of
a change of a device specific parameter, wherein the
status 1nformation 1s determined prior to the sending of
the positioning request, and wherein dependent upon
the status information the first set of tuming parameters
1s comprised by or accompanying the positioning
request.

Such a change may for instance be an upgrade of an
operating system of the first apparatus, and/or a physical
change of the first apparatus, to name but a few non-limiting
examples. Such a change may for instance be represented by
one or more reset parameters.

According to an exemplary embodiment of all aspects of
the present invention, the one or more reset parameters are
represented by one or more of the following device specific
changes:

1) one or more firmware changes;

11) one or more physical changes;

111) one or more further changes influencing the one or

more measurements gathered by the at least one sensor.

The one or more reset parameters 1) to 111) may for
instance have occurred to the first apparatus.

A firmware change may for instance be a change of an
operating system of the first apparatus.

A physical change may for instance be a cover change of
the first apparatus, and/or a display change, e.g. of a broken
display of the first apparatus, and/or a similar event with
respect to the first apparatus, to name but a few non-limiting
examples. Such a physical change and/or similar event with
respect to the first apparatus may for instance change the one
or more measurements gathered by the at least one sensor.
In case of such a physical change and/or similar event with
respect to the first apparatus, the determined status infor-
mation may for instance represent that such a physical
change and/or similar event with respect to the first appa-
ratus has taken place.

In case that such a physical change and/or similar event
with respect to the first apparatus has taken place, a stored
(first) set of tuning parameters may for mstance be erased.
Further, the next time a positioning request 1s sent by the first
apparatus, this positioning request may not comprise or may
not be accompanied by the first set of tuning parameters.
Additionally, this positioning request may {for instance
explicitly comprise a request for a new set of tuning param-
eters. It will be understood that even without such an explicit
request for a new set of tuning parameters, the second
apparatus will automatically, at least partially, determine the
(second) set of tuning parameters and sent this determined
(second) set of tuning parameters to the originator—the first
apparatus—ol the previously received positioning request.

Such a positioning request may for instance be provided
(e.g. sent) from the first apparatus to the second apparatus.

It will be understood that the first set of tuning parameters
and the second set of tuning parameters may for instance be
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indicative of equal correction values for compensating a bias
for the same device, e.g. a mobile terminal. The difference
between the first set of tuning parameters and the second set
ol tuning parameters may for instance be that one or more
physical parameters influencing e.g. the measurements (e.g.
gathered by at least one sensor, 1n particular a radio inter-
face) that are considered when determining the at least one
fingerprint information by the first apparatus (e.g. mobile
terminal) may have changed (e.g. due to a different or new
firmware, different or new cover of the electronic device, to
name but a few non-limiting examples). The difference of
the first set of tuning parameters and the second set of tuning,
parameters as referred to herewith, 1s related to the sending
of the positioning request from the first apparatus to the
second apparatus, 1n which case it 1s referred to the set of
tuning parameters as the first set of tuning parameters. In
case upon the reception of the positioning request by the
second apparatus, and the second apparatus has determined
a new set of tuning parameters, 1t 1s referred to this new set
of tuning parameters as the second set of tuning parameters.

The determined second set of tuning parameters may for
instance be outputted. The second set of tuning parameters
may for instance be outputted by being provided or caused
providing (e.g. to the first apparatus (e.g. the electronic
device), or to another entity that transmits the second set of
tuning parameters e.g. to the first apparatus).

The method according to the first exemplary aspect of the
present imvention and the method according to the second
exemplary aspect of the present mnvention may for instance
be performed and/or controlled together. In this way, the first
apparatus may receive a set ol tuning parameters so that
those set of tuning parameters do not need to be stored on the
part ol the second apparatus, e¢.g. a server or a database
comprised by or being connectable to the second apparatus.
The first apparatus does not need to know which set of
tuning parameters, or which mformation are comprised by
the set of tuning parameters. Simply, the first apparatus can
store the set of tuning parameters without such knowledge.
Thus, the second apparatus does not need to store the set of
tuning parameters. In this way, the first apparatus may for
instance handle such a set of tuning parameters like a
so-called black box. A new set of tuning parameters can be
determined by the second apparatus freely, and then be
transmitted to the first apparatus. Upon reception of such a
set of tuning parameters, the first apparatus may for instance
upgrade an existing set of tuning parameters, without any
turther implementation requirements needed on the side of
the first apparatus, and additionally on the side of the second
apparatus.

In this way, the bias 1s estimated 1n an 1terative manner on
side of the second apparatus, wherein the bias may be
estimated based at least partially on the positioming request
and the at least one fingerprint information comprised by or
accompanying the positioning request. Further, 1t can be
kept track of unique and maybe changing tuning parameters
comprised by a set of tuning parameters for the device(s)
(e.g. mobile terminal(s)).

According to an exemplary embodiment of the second
exemplary aspect of the present invention, the second set of
tuning parameters 1s determined based at least partially on
the at least one fingerprint information and optionally on the
first set of tuning parameters, wherein the second set of
tuning parameters converges to the actual bias 1n case the
second set of tuning parameters 1s determined based at least
partially on the at least one fingerprint information and the
first set of tuning parameters.
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Thus, 1n case the determining of the second set of tuning
parameters 1s based at least partially on the at least one
fingerprint information and the first set of tuning parameters,
the second set of tuning parameters 1s iteratively determined.
For instance, after an 1mitial determining of the second set of
tuning parameters, this second set of tuning parameters 1s
output, e.g. to the device from that the received at least one
fingerprint information stems. Then, this second set of
tuning parameters may for instance be provided to the
second apparatus by the first apparatus the next time, €.g. a
turther at least one fingerprint information that 1s accompa-
nied by this set of tuming parameters (which 1s then referred
to as the first set of tuning parameters) 1s sent. This (now
viewed as a first) set of tuming parameters 1s considered
when determining a new set of tuning parameters so that the
determined set of tuning parameters can iteratively con-
verge. In this way, one or more 1terations can be performed
and/or controlled. With every iteration performed and/or
controlled, the bias of the determined (second) set of tuning
parameters may for instance be smaller since the determined
set of tuning parameters converges.

In case of such an 1teration 1s performed and/or controlled,
it 1s mandatory that a first set of tuming parameters 1s
received (by the second apparatus). Otherwise, 1n case a first
set of tuning parameters 1s not recerved, the determined
second set of tuning parameters may be the first iteration.
Since this determined second set of tuning parameters 1s
outputted (e.g. back to the originator, e¢.g. the at least one
first apparatus), 1n case of another positioning request, this
previously determined second set of tuning parameters 1s
then provided to the at least one second apparatus as a new
first set of tuning parameters enabling an iteration of the
determining of the set of tuning parameters to be performed.

According to an exemplary embodiment of the second
exemplary aspect of the present invention, the method
turther comprises:

determining or trigger determining a location based at

least partially on the at least one fingerprint informa-
tion; and

wherein the second set of tuning parameters 1s further

determined based at least partially on the location
estimate and a location representation of the location of
a device that determined the at least one fingerprint
information prior to the receiving of the at least one
fingerprint information.

The device that determined the at least one fingerprint
information prior to the receiving of the fingerprint infor-
mation may for instance be the first apparatus.

For instance, the at least one fingerprint information may
comprise a representation of the location at which the at least
one fingerprint was determined, e.g. by the first apparatus.
The location according to the location representation at
which the at least one fingerprint was determined, e.g. by the
first apparatus, may for instance stem from a GNSS (Global
Navigation Satellite System) estimate (e.g. GPS (Global
Positioning System), GLONASS (Globalnaja Nawigazion-
naja Sputnikowaja Sistema), GALILEO or the like, to name
but a few non-limiting examples), some other positioning
system (e.g. cellular triangulation), or manual iput of the
location (e.g. by the user, e.g. using an mnput device such as
a keyboard or touchscreen). Alternatively, the location rep-
resentation of the location of the device may for instance be
received, e.g. together with the at least one fingerprint
information to name but one non-limiting example.

The result 1s that the location of the device (e.g. the first
apparatus) that determined the at least one fingerprint infor-
mation 1s provided to the second apparatus. In this case, this
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known location of the first apparatus may for instance be
considered when determining the second set of tuning
parameters. Since the accurate location 1s known (at hand
since 1t 1s comprised by the received at least one fingerprint
information), the (e.g. values of the) second set of tuning
parameters can be very accurately determined.

For instance, for determiming the second set of tuming
parameters, this second set of tuning parameters can be
adjusted until the determined location estimate matches the
location provided (e.g. since 1t 1s comprised by the finger-
print information that i1s recerved).

The location, e.g. of the first apparatus, may for instance
be determined based at least partially on one or more
respective measurements comprised by or represented by the
at least one fingerprint information. For instance, the deter-
mimng of the location may be triggered (e.g. by sending a
request) to a radio map provision server so that that at least
one fingerprint information respectively information coms-
prised by the at least one fingerprint information may for
instance be compared to those comprised by the radio map.
In this way, the location of the first apparatus that has
determined the at least one fingerprint information may for
instance be determined (e.g. estimated).

Indoor positioning and/or tloor detection may for instance
be performed and/or controlled based on such a radio map.

Such a radio map may be understood to represent an area
ol a pre-determined environment within which the cellular
and/or non-cellular radio networks are expected to support
¢.g. mobile terminals to get their positions estimated. Addi-
tionally or alternatively, the radio map may be defined by an
environment and/or an area within which the cellular and/or
non-cellular radio networks are capable to support e.g.
mobile terminals to estimate their positions.

The (e.g. expected) radio coverage associated with the
one or more beacon devices may describe (e.g. define) the
area within which a radio signal (e.g. the one or more beacon
signals sent by the one or more beacon devices) transmitted
or triggered to be transmitted by the one or more beacon
devices are (e.g. expected to be) observable (e.g. receivable
with a minimum quality).

For mstance, the radio map may contain or represent a
respective radio coverage model for each radio node of the
non-cellular radio network. Therein, a radio coverage model
for a respective radio node may for istance be understood
to represent the expected radio coverage associated with this
radio node.

Based on the radio map, 1t may for instance be deter-
mined, whether certain 1dentifier information of the one or
more radio nodes are expected to be observable. For
instance, the radio map may comprise information indicative
ol any position within the coverage area covered by the radio
map at which (e.g. diflerent) one or more signals or a
number of different signals are expected to be observable.
Such information may for instance be gathered, and then a
corresponding radio map comprising the gathered informa-
tion may be generated.

The radio map may for instance be provided for use by
one or more mobile terminals to estimate their positions at
least partially based on this radio map. A radio map may
represent an estimate ol a two-dimensional or a three-
dimensional coverage map. It may describe (e.g. define) the
expected radio coverage of a respective radio node of the
non-cellular radio network and/or the expected radio cov-
erage of a cell of the cellular radio network within which one
or more signals transmitted or triggered to be transmitted by
the entities (e.g. mstalled at an installation position) of the
cellular and/or non-cellular radio network are expected to be
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observable. The real radio coverage of the respective entities
may however deviate from such an expected radio coverage.

A radio coverage model may be a hard-boundary or a
solt-boundary model (e.g. a hard-boundary model or a
solt-boundary model describing an expected radio cover-
age).

An example for a soit-boundary radio coverage model
may be a parametric radio model. Data of such a parametric
radio model may be considered to be data which enables
determination of one or more characteristics of one or more
signals transmitted or triggered to be transmitted by a
respective enfity of the cellular and/or non-cellular radio
network that are expected to be observable at different
positions. For example, data of such a parametric radio
model may represent radio transmission parameters of the
parametric radio model. Using radio transmission param-
eters of the parametric radio model may have the effect that
the required amount of data for defimng the one or more
characteristics of one or more signals may be particularly
small. An example of a parametric radio model 1s a path loss
model for radio signals (e.g. beacon signals of BT- and/or
BLE beacons) transmitted or triggered to be transmitted by
a respective beacon. In this case, the radio transmission
parameters may comprise a path loss exponent and an
indication of a transmission power used by the transmitter of
the respective beacon. Based on data of a parametric radio
model, an expected radio coverage of a respective beacon

installed at a (potential) installation position may be deter-
mined.

Radio transmission parameters of a parametric radio
model of a respective beacon may at least partially be
determined (e.g. derived or selected or calculated) based at
least partially on one or more observation reports. For
example, the radio transmission parameters of a parametric
radio model of a radio positioning support device may at
least partially correspond to and/or determined based on one
or more radio transmission parameters associated with the
respective beacon, wherein the one or more radio transmis-
sion parameters associated with this beacon may for
example be represented by and/or contained 1n the one or
more observation reports (e€.g. one or more observation
reports associated with the beacon and/or an (e.g. adjacent)
beacon of the non-cellular radio network).

In case diflerent values are determined for a radio trans-
mission parameter based on one or more radio transmission
parameters represented by and/or contained in the one or
more observation reports, a mean value (e.g. an arithmetic
mean value or a median mean value) may for example be
used as value for this radio transmission parameter. Alter-
natively, one value of the different values may be selected
according to a pre-determined rule to be used for as value for
this radio transmission parameter (e.g. the lowest or highest
value may be used as value for this radio transmission
parameter).

As disclosed above, an indication of a transmission power
¢.g. of a radio node of the non-cellular radio network and an
indication of one or more (received) signal strength values
for a signal of the one or more radio nodes of the non-
cellular radio network may be referred to as radio transmis-
sion parameters. A radio transmission parameter may be
understood to be associated with a respective radio node 1t
the radio transmission parameter describes a feature (e.g. a
physical quantity) of a radio signal transmitted or triggered
to be transmitted by this radio node, for example 11 the radio
transmission parameter indicates a transmission power of
this radio node and/or 1f the radio transmission parameter
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indicates a (received) signal strength value for a signal
transmitted or triggered to be transmitted by this radio node.

If the installation positions of the one or more radio nodes
and, thus, also the distances between the one or more radio
nodes and/or the base stations of the cells of the cellular
radio network are known, such radio transmission param-
cters may for example be used to determine (e.g. calculate)
turther radio transmission parameters for a parametric radio
model like e.g. a path loss exponent.

An example for a hard-boundary radio coverage model
may be a geometric model. Data of such a geometric radio
model may be considered to be data which (e.g. geometri-
cally) describe (e.g. define) an expected radio coverage of a
radio node of the non-cellular radio network and/or a base
station of a cell of the cellular radio network (e.g. installed
at an installation position).

For instance, a terrestrial transmitter (e.g. comprised by or
represented by a beacon) based positioning at a particular
site (e.g. 1n the venue) may be based on radio maps, which
allow determining for instance which received signal
strength values of which transmitters can be expected at
various locations of the particular site. For instance, for
making use of a positioning service, the first apparatus (e.g.
a mobile terminal) may detect signals broadcast by a plu-
rality of beacons and measure their signal strengths. The first
apparatus may sent the results of the measurements along
with 1dentifier information of the beacons accompanied by a
positioning request to the second apparatus, €.g. a radio map
and positioning server. An 1dentifier may be for instance in
the form of a service set i1dentifier (SSID), a universally
unique 1dentifier (UUID) (e.g. according to Eddystone- or
1Beacon-specification) and the results of measurements may
be for instance in the form of a recerved signal strength
indicator (RSSI). The radio map and positioning server may
evaluate the signals taking account data stored 1n radio maps
and returns a position (e.g. in the form of coordinates) that
are consistent with the measured signal strengths of the
plurality of beacons.

The location estimate of the location of the first apparatus
may for instance be determined further based at least par-
tially on such a radio map, wherein in particular the location
of the first apparatus 1s estimated by a comparison of the one
or more signal strength values comprised by or represented
by the at least one fingerprint information, or 1n particular
comprised by or represented by the at least one fingerprint
information, with those of the radio map. Further, the
determined (second) set of tuning parameters may for
instance be used to correct (e.g. change) the determined
location estimate. As a result of such a correction based on
the determined (second) set of tuming parameters, the deter-
mined location estimate matches closer the actual location
respectively position of the apparatus (e.g. the first appara-
tus) that determined the at least one fingerprint information.
This determined at least one fingerprint mmformation may
then be provided to another apparatus, wherein the deter-
mined at least one fingerprint information may for instance
be comprised by a positioning request. The at least one
fingerprint information may for instance be used to deter-
mine the location estimate, as described above.

According to an exemplary embodiment of the second
exemplary aspect of the present invention, the at least one
fingerprint information 1s relayed by a third apparatus to the
second apparatus, wherein the third apparatus comprises or
1s connectable to a memory comprising one or more sets of
tuning parameters, wherein the at least one fingerprint
information 1s relayed together with a corresponding set of
tuning parameters to the second apparatus.
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In this case, the third apparatus, e.g. a so-called auxiliary
server, 1s used. The second apparatus may for instance be

kept clean since one or more steps of the method according
to the second exemplary aspect are performed and/or con-
trolled by the third apparatus. For instance, the first appa-
ratus that determined the at least one fingerprint information
prior to the receiving of this at least one fingerprint infor-
mation, may be in communication with this third apparatus
only. In this case, the determined second set of tuning
parameters 1s output to this third apparatus. Upon reception,
the third apparatus may for instance store the received
(second) set of tuning parameters in the memory.

The memory may for instance be a database. The database
may for instance store one or more sets of tuning parameters.
Each of the one or more sets of tuning parameters may for
instance be associated with a certain device (e.g. the first
apparatus). For instance, each of the stored sets of tuning
parameters may be associated with a device i1dentifier
enabling a device (e.g. the first apparatus) to be identified.
Such a device 1dentifier may for mstance be a MAC (Media
Access Control) address, to name but one non-limiting
example.

Further, a system according to the third exemplary aspect
of the present invention may for instance comprise such a
third apparatus as disclosed above.

According to an exemplary embodiment of the second
exemplary aspect of the present invention, the determined
second set of tuning parameters 1s outputted only 1n case the
determined second set of tuning parameters diflers from the
first set of tuning parameters 1n case such a first set of tuning
parameters 1s recerved.

In this way, necessary data traflic may be minimized.

According to an exemplary embodiment of all aspects of
the present mvention, the second apparatus 1s or i1s part of
server or a server cloud.

The second apparatus, recerving the positioning request,
may for instance be a radio map and positioning server.
Upon recerving the positioning request, the server may for
instance perform and/or controlled the method according to
the second exemplary aspect of the present invention.

The features and example embodiments of the imnvention
described above may equally pertain to the different aspects
according to the present mvention.

It 1s to be understood that the presentation of the invention
in this section 1s merely by way of examples and non-
limiting.

Other features of the invention will become apparent from
the following detailed description considered in conjunction
with the accompanying drawings. It 1s to be understood,
however, that the drawings are designed solely for purposes
of 1llustration and not as a definition of the limits of the
invention, for which reference should be made to the
appended claims. It should be further understood that the
drawings are not drawn to scale and that they are merely
intended to conceptually 1llustrate the structures and proce-
dures described herein.

e

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

In the figures show:

FIG. 1 a schematic block diagram of an example embodi-
ment of a system according to the third exemplary aspect of
the present invention;

FIG. 2 a flow chart illustrating an example operation, e.g.
in the at least one apparatus, e.g. according to FIG. 4, of an
example method according to the first exemplary aspect of
the present invention;
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FIG. 3 a flow chart 1llustrating an example operation, e.g.
in the at least one apparatus, e.g. according to FIG. 5, of an

example method according to the second exemplary aspect
of the present invention;

FI1G. 4 a schematic block diagram of an example embodi-
ment of an apparatus according to the present ivention;

FIG. § a schematic block diagram of an example embodi-
ment of another apparatus according to the present inven-
tion; and

FIG. 6 a flow chart illustrating an exemplary flow of
information between an apparatus, e.g. according to FIG. 4,
and another apparatus, e.g. according to FIG. 5, according to
the present invention.

DETAILED DESCRIPTION OF SOME
EXEMPLARY EMBODIMENTS

The following description serves to deepen the under-
standing of the present invention and shall be understood to
complement and be read together with the description as
provided 1n the above summary section of this specification.

FIG. 1 shows a schematic high-level block diagram of a
system according to the third exemplary aspect of the
present mvention.

System 100 comprises a server 110, and an optional
database 120. Database 120 may be comprised by or con-
nected to the server 110, e.g. via a communication network
(c.g. the Internet to name but one non-limiting example).
The server 110 may be configured to perform and/or control
an example method according to the second exemplary
aspect of the present invention. Alternatively, server 110
may for instance be embodied as a server cloud, e.g. at least
two servers providing services together, and being con-
nected to each other, e.g. via a communication network, e.g.
the Internet.

System 100 comprises a radio node 140 (e.g. according to
WLAN, BT or BLE communication standard). Thus, radio
node 140 may for mstance be a WLAN access point or BT-
and/or BLE-beacon. System 100 may for instance comprise
a plurality of such radio node 140 (not shown in FIG. 1).

System 100 further comprises a cellular network 150 (e.g.
according to GSM, WCDMA, TD-SCDMA, LTE, LTE-A,
or CDMA communication standard, to name but a few
non-limiting examples).

System 100 comprises a plurality of mobile terminals
130, at hand five different mobile terminals 130-1 to 130-5.
Each of the mobile terminals 130 may be configured to
perform and/or control an example method according to the
first exemplary aspect of the present invention.

Mobile terminals 130-1 and 130-2 may receive one or
more signals sent by the cellular network 1350, 1n particular
of a base station a cell (not shown in FIG. 1) of the
communication network 150 as well as one or more signals
sent by radio node 140. In contrast, mobile terminal 130-3
may receive one or more signals sent by cellular network
150, only. Further, mobile terminals 130-4 and 130-5 may
receive one or more signals sent by radio node 140, only.

Each of the mobile terminals 140 may for instance be or
comprise a memory. The memory may for instance store a
set of tuning parameters. Further, the memory may for
instance store at least one fingerprint information, e€.g.
gathered by each of the mobile terminals 130 based at least
partially on one or more signals sent by one or more radio
nodes, e.g. radio node 140, and/or one or more cells (not
shown 1n FIG. 1) of cellular network 150. Each of the mobile
terminals 130 may for instance comprise one or more means
(c.g. a sensor, a transceiver, a receiver, a sender, or a
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combination thereof, e.g. a sender and a recerver) for a
communication with the radio node 140, with the cellular
network 150, with the server 110, e.g. via another commu-
nication network (not shown in FIG. 1, ¢.g. the Internet). The
server 110 may for instance comprise one or more means
(e.g. a transceiver, a receiver, a sender, or a combination
thereol, e.g. a sender and a receiver) for a communication
with the mobile devices 130, e.g. via the cellular network
150, or via the Internet (not shown 1n FIG. 1), to name but
a few non-limiting examples.

Communication between the mobile terminals 130, and
the server 110 may for instance take place at least partially
in a wireless fashion, e.g. based on cellular communication
(e.g. via cellular network 150), or on WLAN- and/or B'1-
and/or BLE-based communication, to name but a few non-
limiting examples. Further, mobility of the mobile terminals
130 can be guaranteed by employing wireless-based com-
munication.

The databases 120 or 170 may for instance be or comprise
a respective memory. The memory of the database 120 may
for 1nstance store one or more pieces ol 1dentifier informa-
tion enabling uniquely 1dentiiying one or more radio nodes,
¢.g. radio node 140, and/or one or more cells of a cellular
network, e.g. cells (not shown 1n FIG. 1) of cellular network
150. Further, the memory of the database 170 may for
instance store one or more one or more sets of tuning
parameters. Further, the memory of the database 170 may
for 1nstance store one or more positioning information (e.g.
one or more location representations) respectively indicative
of a location respectively position of a respective mobile
terminal 130. The one or more positioning information may
for instance comprise or at least be associated with a time
stamp so that a history of the respective location of a
respective mobile terminal 130 1s stored.

Further, the system 100 may optionally comprise an
auxiliary server 160. The auxihiary server 160 may for
instance comprise or be connectable to the database 170.

For instance, a positioning request sent by at least one of
the mobile terminals 130 may be sent to the auxihiary server
(1nstead of the (e.g. positioning server 110)). Upon reception
of such a positioning request, the auxiliary server 160 may
for instance relay the positioning request, or the at least one
fingerprint information or at least a part thereot (e.g. one or
more signals strength values), and optionally a set of tuning
parameters (e.g. either a set of tuning parameters comprised
by or accompanying the positioning request, or a set of
tuning parameters stored in the database 170 which 1s
acquired prior to the relaying by the server 160), e.g. to the
server 110. Then, the server 110 may for instance determine
a location estimate, e.g. based at least partially on the one or
more signal strength values and the set of tuning parameters.
This determined location estimate may be provided (e.g.
transmitted) as a response from the server 110 to the
auxiliary server 160. Further, the server 110 may provide
(c.g. transmit) another determined set of tuning parameters
(e.g. 1iteratively updated based at least partially on the set of
tuning parameters that the server 110 received together with
the relayed information (e.g. at least one fingerprint infor-
mation and the set of tuning parameters) to the auxiliary
server 160. Then, the auxiliary server 160 may provide the
location estimate to the mobile termunal 130 that e.g.
requested its location to be determined by transmitted the
positioning request, in case the mobile terminal 130 has
requested to be provided with the determined location
estimate. Further, the auxiliary server 160 may for instance
provide 1n each and every case the “new” determined set of
tuning parameters to the mobile terminal 130 from that the




US 11,287,510 B2

19

positioning request 1s received 1n the beginning. Addition-
ally or alternative, the auxiliary server 160 may for instance

store the set of tuning parameters that it has received from
the server 110, 1n the database 170.

The additional usage of such an auxiliary server 160 may
be an alternatively to using only the server 110. In FIG. 1,
this alternative 1s schematically shown by the dotted lines
between the communication network 150 and the auxiliary
server 160, and between the auxiliary server 160 and the
server 110.

FIG. 2 shows a flow chart 200 illustrating an example
operation, e.g. 1n the first apparatus, e.g. according to FIG.
4, of an example method according to the first exemplary
aspect of the present invention.

This flow chart 200 may for instance be performed by an
clectronic device, e.g. mobile terminal 130 of FIG. 1.

In a first step 201, at least one fingerprint information 1s
determined. The at least one fingerprint information 1is
indicative of at least one identifier of a cellular and/or a
non-cellular network, e.g. enabling 1dentification of a (spe-
cific) cell of the cellular network, and/or enabling 1dentifi-
cation of a radio node (e.g. a WLAN access point, or a BT-
and/or BLE-beacon). For determiming the at least one {in-
gerprint information, one or more signals sent by the cellular
and/or non-cellular network are gathered, e.g. by at least one
sensor of the mobile terminal 130 of FIG. 1. The one or more
signals may for instance be so-called advertisement packets
sent by the radio node (e.g. the BT- and/or BLE-beacon) by
broadcast and periodically. Such an advertisement packet
may for istance comprise or represent an i1dentifier of the
radio node that sent the advertisement packet. Further, the at
least one fingerprint information may for instance comprise
or represent at least partially one or more signal strength
values. Those one or more signal strength values may for
instance be determined based at least partially on the one or
more signals sent by the cellular and/or non-cellular net-
work. The one or more signals may for istance be sent by
at least one cell of the cellular radio network and/or by at
least one (radio) node of the non-cellular radio network. At
present, each of the one or more signal strength values 1s
indicative of a signal strength of the one or more signals that
are observable at the location at which the one or more
signals are gathered (e.g. measured by the at least one
sensor) In a second step 202, a positioning request compris-
ing the at least one fingerprint information 1s sent, e.g. to the
server 110 of FIG. 1. The positioning request comprising the
at least one fingerprint information may for instance be
transmitted to the server 110 via a cellular network, e.g.
cellular network 150 of FIG. 1, or another communication

network, e.g. the Internet. Alternatively, only the at least one
fingerprint information 1s sent, e.g. to the server 110 of FIG.
1.

In a third step 203, a set of tuming parameters 1s received,
¢.g. from the server 110 of FIG. 1. The set of tuning
parameters may for instance be transmitted to the mobile
terminal 130 of FIG. 1 from the server 110 of FIG. 1, e.g. via
a cellular network, e.g. cellular network 150 of FIG. 1, or
another communication network, e.g. the Internet.

In a fourth step 204, the recerved set of tuning parameters
1s stored, e.g. in a memory comprised by or being connect-
able to the mobile terminal 130 that received the set of
tuning parameters. The stored set of tuning parameters may
for instance be comprised by another positioning request
(see step 202) sent subsequently to a first positioning
request, or may be accompanying the other positioning
request sent subsequently to a first positioning request.
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FIG. 3 shows a flow chart 300 illustrating an example
operation, e.g. in the second apparatus, e.g. according to
FIG. 5, of an example method according to the second
exemplary aspect of the present invention.

This flow chart 300 may for instance be performed by a
server or a server cloud, e.g. server 110 of FIG. 1.

In a first step 301, a positioning request comprising at
least one fingerprint information 1s recerved. The at least one
fingerprint information that i1s received may for instance
stem from a mobile terminal 130 of FIG. 1. The received at
least one fingerprint information may for instance be trans-
mitted via a cellular network, e.g. cellular network 150 of
FIG. 1, or another communication network, e.g. the Internet
from such a mobile terminal 130 of FIG. 1 to the server 110

of FIG. 1.

In a second step 302, a set of tuning parameters 1s
determined. The set of tuning parameter may for istance be
used to enable an accurate determining of location estimates
representing locations of mobile terminals (e.g. mobile
terminals 130 of FIG. 1), e.g. 1n a venue. For instance, due
to a different size and position of antenna(s) of the mobile
terminals 130 of FIG. 1, possible interference of other radios
on-board of mobile terminals 130 of FIG. 1, to name but a
few non-limiting examples, different mobile terminals 130
of FIG. 1 lead to (see step 202 of FIG. 2) diflerent deter-
mined fingerprint imformation n the same circumstance,
even 1 mobile terminals 130 of FIG. 1 of the same model are
used. Thus, the determined set of tuning parameters enables
to determine (e.g. calculate) accurate location estimates of
mobile terminals.

In an optional third step 303, a location estimate 1s
determined based at least partially on at least one fingerprint
information and the determined set of tuning parameters.
Additionally or alternatively, the step 303 may be performed
and/or controlled after optional step 3035, wherein at least
one compensated fingerprint i1s determined taking into
account the specific set of tuning parameters for the mobile
terminal from which the received at least one fingerprint
information stems. Alternatively, the location estimate may
for instance be triggered to be determined, e.g. another
server (not shown in FIG. 1) 1s requested to determine the
location estimate by the server 110 of FIG. 1. The location
estimate represents a location of the mobile terminal 130 of
FIG. 1 from that the at least one fingerprint information 1s
received 1n step 301.

In a fourth step 304, the determined set of tuning param-
eters 1s output, e.g. to the mobile terminal 130 of FIG. 1 from
which the positioning request is received 1n step 301, or to
another entity that transfers (e.g. relays) the determined set
of tuning parameters to the mobile terminal from which the
received positioning request 1s recerved 1n step 301.

In an optional fifth step 3035, at least one compensated
fingerprint information 1s determined. The at least one
compensated fingerprint information 1s determined based at
least partially on the received at least one fingerprint (e.g.
that was comprised by or accompanying the received posi-
tioning request (see step 301)) and the determined set of
tuning parameters (see step 302). For instance, for deter-
mining a location estimate, e.g. based on a radio map, the at
least one fingerprint information may be used and compared
to those corresponding values of the radio map. The deter-
mined position respectively location may then be compen-
sated by the set of tuning parameters to achieve the most
accurate location estimate. Alternatively, the set of tuning
parameters may for instance be used to compensate the at
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least one fingerprint information, and then use this finger-
print information to determine a location estimate based on
the radio map.

FIG. 4 1s a schematic block diagram of an apparatus 400
according to an exemplary aspect of the present invention,
which may for instance represent the mobile terminal 130 of
FIG. 1.

Apparatus 400 comprises a processor 410, working
memory 420, program memory 430, data memory 440,
communication interface(s) 4350, an optional user interface
460 and an optional sensor(s) 470.

Apparatus 400 may for instance be configured to perform
and/or control or comprise respective means (at least one of
410 to 470) for performing and/or controlling the method
according to the first exemplary aspect of the present inven-
tion. Apparatus 400 may as well constitute an apparatus
comprising at least one processor (410) and at least one
memory (420) including computer program code, the at least
one memory and the computer program code configured to,
with the at least one processor, cause an apparatus, €.g.
apparatus 400 at least to perform and/or control the method
according to the first exemplary aspect of the present inven-
tion.

Processor 410 may for instance comprise a fingerprint
information determiner 411 as a functional and/or structural
unit. Fingerprint information determiner 411 may for
instance be configured to determine at least one fingerprint
information (see step 201 of FIG. 2). Processor 410 may for
instance further control the memories 420 to 440, the
communication interface(s) 450, the optional user interface
460 and the optional sensor(s) 470.

Processor 410 may for instance execute computer pro-
gram code stored i program memory 430, which may for
instance represent a computer readable storage medium
comprising program code that, when executed by processor
410, causes the processor 410 to perform the method accord-
ing to the first exemplary aspect of the present invention.

Processor 410 (and also any other processor mentioned in
this specification) may be a processor of any suitable type.
Processor 410 may comprise but 1s not limited to one or
more microprocessor(s), one or more processor(s) with
accompanying one or more digital signal processor(s), one
or more processor(s) without accompanying digital signal
processor(s), one or more special-purpose computer chips,
one or more field-programmable gate array(s) (FPGAC(s)),
one or more controller(s), one or more application-specific
integrated circuit(s) (ASIC(s)), or one or more computer(s).
The relevant structure/hardware has been programmed 1n
such a way to carry out the described function. Processor
410 may for instance be an application processor that runs
an operating system.

Program memory 430 may also be included into processor
410. This memory may for mstance be fixedly connected to
processor 410, or be at least partially removable from
processor 410, for mstance in the form of a memory card or
stick. Program memory 430 may for instance be non-volatile
memory. It may for instance be a FLASH memory (or a part
thereot), any of a ROM, PROM, EPROM and EEPROM
memory (or a part thereof) or a hard disc (or a part thereot),
to name but a few examples. Program memory 430 may also
comprise an operating system for processor 410. Program
memory 430 may also comprise a firmware for apparatus
400.

Apparatus 400 comprises a working memory 420, for
instance 1n the form of a volatile memory. It may for instance
be a Random Access Memory (RAM) or Dynamic RAM

(DRAM), to give but a few non-limiting examples. It may
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for instance be used by processor 410 when executing an
operating system and/or computer program.
Data memory 440 may for instance be a non-volatile

memory. It may for instance be a FLASH memory (or a part
thereol), any of a ROM, PROM, EPROM and EFEPROM

memory (or a part thereof) or a hard disc (or a part thereot),
to name but a few examples. Data memory 440 may for
instance store a set of tuning parameters (e.g. a first set of
tuning parameters (see step 202 of FIG. 2) and/or a second
set of tuning parameters (see step 204 of FIG. 2)).
Communication interface(s) 450 enable apparatus 400 to
communicate with other entities, e.g. with server 110 of FIG.
1 or with radio node 140 of FIG. 1. The communication
interface(s) 450 may for instance comprise a wireless inter-

face, e.g. a cellular radio communication interface and/or a
WLAN, BT and/or BLE nterface) and/or wire-bound 1nter-
face, e.g. an IP-based interface, for instance to communicate
with entities via the Internet.

User interface 460 1s optional and may comprise a display
for displaying imnformation to a user and/or an input device
(e.g. a keyboard, keypad, touchpad, mouse, etc.) for recerv-
ing information from a user.

Sensor(s) 470 are optional and may for instance comprise
a barometric sensor, e.g. to gather pressure information.

Some or all of the components of the apparatus 400 may
for instance be connected via a bus. Some or all of the
components of the apparatus 400 may for instance be
combined 1nto one or more modules.

FIG. 5 1s a schematic block diagram of an apparatus 500
according to an exemplary aspect of the present invention,
which may for instance represent server 110 of FIG. 1.

Apparatus 500 comprises a processor 510, working
memory 3520, program memory 530, data memory 540,
communication interface(s) 530, an optional user interface
560 and an optional sensor(s) 570.

Apparatus 500 may for instance be configured to perform
and/or control or comprise respective means (at least one of
510 to 570) for performing and/or controlling the method
according to the second exemplary aspect of the present
invention. Apparatus 500 may as well constitute an appara-
tus comprising at least one processor (510) and at least one
memory (520) including computer program code, the at least
one memory and the computer program code configured to,
with the at least one processor, cause an apparatus, €.g.
apparatus 300 at least to perform and/or control the method
according to the second exemplary aspect of the invention of
the present invention.

Processor 510 may for instance comprise a location
estimate determiner 511 as a functional and/or structural
unit. Location estimate determiner 511 may for istance be
configured to determine location estimate based at least
partially on at least one fingerprint information (see step 302
of FIG. 3). Processor 510 may for instance comprise a set of
tuning parameter determiner 512 as a functional and/or
structural unit. Set of tuning parameter determiner 512 may
for instance be configured to determine a set of tuning
parameters (see step 303 of FIG. 3). Processor 510 may for
instance further control the memories 520 to 540, the
communication interface(s) 550, the optional user interface
560 and the optional sensor(s) 570.

Processor 510 may for instance execute computer pro-
gram code stored in program memory 330, which may for
instance represent a computer readable storage medium
comprising program code that, when executed by processor
510, causes the processor 510 to perform the method accord-
ing to the second exemplary aspect of the present invention.
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Processor 510 (and also any other processor mentioned in
this specification) may be a processor of any suitable type.
Processor 510 may comprise but 1s not limited to one or
more microprocessor(s), one or more processor(s) with
accompanying one or more digital signal processor(s), one
or more processor(s) without accompanying digital signal
processor(s), one or more special-purpose computer chips,
one or more field-programmable gate array(s) (FPGAC(s)),
one or more controller(s), one or more application-specific
integrated circuit(s) (ASIC(s)), or one or more computer(s).
The relevant structure/hardware has been programmed 1n
such a way to carry out the described function. Processor
510 may for instance be an application processor that runs
an operating system.

Program memory 530 may also be included into processor
510. This memory may for mstance be fixedly connected to
processor 310, or be at least partially removable from
processor 310, for mstance 1n the form of a memory card or
stick. Program memory 530 may for instance be non-volatile
memory. It may for istance be a FLASH memory (or a part
thereol), any of a ROM, PROM, EPROM and EEPROM
memory (or a part thereof) or a hard disc (or a part thereot),
to name but a few examples. Program memory 530 may also
comprise an operating system for processor 510. Program
memory 530 may also comprise a firmware for apparatus
500.

Apparatus 500 comprises a working memory 3520, for
instance 1n the form of a volatile memory. It may for instance
be a Random Access Memory (RAM) or Dynamic RAM
(DRAM), to give but a few non-limiting examples. It may
for mstance be used by processor 510 when executing an
operating system and/or computer program.

Data memory 540 may for instance be a non-volatile
memory. It may for istance be a FLASH memory (or a part
thereol), any of a ROM, PROM, EPROM and EEPROM
memory (or a part thereof) or a hard disc (or a part thereot),
to name but a few examples. Data memory 540 may for
instance store at least one fingerprint information, e.g. for
determining a location estimate (see step 302 of FIG. 3)
and/or for determining a set of tuning parameters (see step
303 of FIG. 3), and/or for determining at least one compen-
sated fingerprint information (see step 305 of FIG. 3).
Further, data memory 540 may for instance store one or
more generated radio maps (see step 306 of FIG. 3).

Communication interface(s) 350 enable apparatus 500 to
communicate with other entities, ¢.g. with at least one of the
mobile terminals 130 of FIG. 1, 1 particular with all of the
mobile terminals 130 of FIG. 1. The communication inter-
face(s) 550 may for mstance comprise a wireless 1nterface,
c.g. a cellular radio communication interface and/or a
WLAN interface) and/or wire-bound interface, e.g. an IP-
based interface, for instance to communicate with entities,
¢.g. with database 120 of FIG. 1, via the Internet.

User interface 560 1s optional and may comprise a display
for displaying imformation to a user and/or an input device
(e.g. a keyboard, keypad, touchpad, mouse, etc.) for recerv-
ing information from a user.

Sensor(s) 570 are optional and may for instance comprise
a barometric sensor, €.g. to gather pressure information.

Some or all of the components of the apparatus 300 may
for mstance be connected via a bus. Some or all of the
components of the apparatus 300 may for instance be
combined into one or more modules.

The following embodiments shall also be considered to be
disclosed:

Radio sensor readings in a client vary, for example due to
the different size and position of antenna(s), possible inter-
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ference of other radios on-board, different firmware, difler-
ent hardware tuning parameter values, cover matenals, or
the like to name but a few non-limiting examples. In other
words, different devices report different radio sensor read-
ings in the same circumstance—there may be differences
even between units of the same device model in those tuning

parameter values.

One solution 1s that a service (e.g. provided by a server)
stores such tuning parameter values for each device.

One other solution 1s to move the storing of such tuning
parameter values from the service to the client(s). The tuming
parameter values—also referred to as set of tuning param-
eters—can be a “black box™ (also referred to as “parameter
box) from the client(s) perspective. For instance, the
client(s) don’t need to know which parameters it stores,
which values they have, or the like. Instead, the service
defines the parameters, their semantics, etc., and the client(s)
handles them as a black box. This way, the service can Ireely
add new tuning parameters, and upgrade the existing ones,
without any change needed in the client side.

When the client device makes the first request, 1t does not
supply the parameter box to the service. The service calcu-
lates the 1nitial parameter values, and sends them within the
parameter box to the client 1n the response, and client stores
the parameter box. When the client makes subsequent
requests, 1t includes the current parameter box in the request,
and receives the new parameter box 1n the response and
stores 1t locally (replacing the current with the new). Note:
The content of the parameter value may or may not have
changed—the client does not need to know 1t.

When there i1s an operating system upgrade, physical
change (e.g. a new cover of the device) or similar event 1n
the device, which may change the (e.g. radio) sensor read-
ings, the device should erase the parameter box from its
memory, and trigger parameter reset by omitting the param-
cter box 1n the next request 1t makes to the service.

The tflowchart 600 of FIG. 6 shows an exemplary tflow of
the aforementioned.

The abbreviation “posReq” as used i FIG. 6 1s referring
to a positioning request. The reference thereinafter in the
brackets may for instance refer to information, e.g. at least
one fingerprint information, comprised by or accompanying
the positioning request. The abbreviation “posResp™ as used
in FIG. 6 1s referring to a response that 1s transmitted with
respect to previously recerved positioning request. Such a
response may for instance be the sending of a set of tuning
parameters from the second apparatus to the first apparatus.
Further, the reference “measurements” may for instance
refer to at least one fingerprint information, and the refer-
ence “‘parameters” may for instance refer to a (first or
second) set of tuning parameters, as described in the afore-
mentioned SUMMARY OF SOME EXEMPLARY
EMBODIMENTS section.

In step A, the client makes the first positioning request.
There are e.g. just the WiF1 measurements in the request.

In step B, the server returns the location estimate as well
as the tuning parameters. The client stores the tuning param-
eters.

In step C, the client makes a new positioning request. The
client provides not only the radio measurements, but also the
stored parameters.

In step D, the server returns the location estimate as well
as the possibly updated tuning parameters. The client stores
the possibly updated tuning parameters.

In step E, after the device (of the client) 1s reset (e.g. due
to a firmware update), the client makes a new positioning
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request. The client does not provide prior tuning parameters
to the server as the parameters may have changed signifi-
cantly.

In step F, the server returns the location estimate as well
as the tuning parameters. The client stores the tuning param-
eters.

In step G, the client makes a new positioming request. The
client provides not only the radio measurements, but also the
stored parameters.

In step H, the server returns the location estimate as well
as the possibly updated tuning parameters. The client stores
the possibly updated tuning parameters.

This may provide the advantage that the server-side does
not need to store the tuning parameters, but the responsibil-
ity for storing the state 1s distributed to the client(s). This
may require some (minor) implementation eflort.

Finding the correct calibration value may for instance be
an 1terative process. In case of a physical hardware change,
and/or a firmware change (e.g. of a client device), a deter-
mined calibration value may for instance be totally reset.
Further, in particular in the most nominal case, 1t may for
instance take several positioning requests before the cali-
bration value converges. Thus, even when there are no actual
changes, 1t will take multiple requests for the tuning param-
eters to converge. Thus, there will be back-and-fourth con-
tinuously.

Further, calibration with the known location (e.g. of a
client device) may be performed and/or controlled. A fin-
gerprint may comprise both accurate location (e.g. from
GNSS, some other positioning technique or even a manual
input, to name but a few non-limiting examples) and radio
measurements. Now, the value of tuning parameter(s) may
for instance be determined very accurately, because the
correct location that a location estimate tries to determine, 1s
known. Thus, the tuning parameter(s) may for instance be
adjusted as long as the provided location information
matches with the location estimate (that 1s e.g. a combina-
tion of the radio measurements, radio map and the tuning
parameter(s)).

The system according to the third exemplary aspect of the
present invention may for instance comprise another appa-
ratus, e.g. another server or server-cloud (e.g. an auxiliary
server) that 1s structurally (e.g. see FIG. 1, dotted lines
between communication network 150 and the auxiliary
server 160, and between the auxiliary server 160 and the
positioning server 110) located between the positioming
server (e.g. server 110 of FIG. 1) and the client device(s)
(c.g. at least one of the client devices 130 of FIG. 1). Thus
auxiliary server may for instance be a tracking server that
keeps record of the time history of the client location.
Further, e.g. at the same time, the auxiliary server can hold
the client-specific tuning parameters. Thus, the positioning,
server 1s still kept “clean™, 1t 1s just resolving position
estimates and returning the tuning parameter(s). The client
device 1tself may for instance be 1n communication with the
auxiliary server, and not the positioning server. The client
device may for instance send radio measurements to the
auxiliary server, the auxiliary server provides the positioning
server the radio measurements and the possible tune param-
cters (stored 1n the database 1n the auxiliary server). Upon
response, the auxiliary server stores the tuning parameter(s)
and the client location (e.g. for further analysis of movement
of the client device or the like, to name but one non-limiting
example). It may 1n fact be that the client location 1s not
returned to the client device to be tracked at all, because on
the tracking use cases typically the client device to be
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tracked (e.g. a tool or equipment) may not be interested in
the location, but some outside party.

The following embodiments shall also be considered to be
disclosed:

Embodiment 1

A first apparatus comprising at least one processor and at
least one memory including computer program code, the at
least one memory and the computer program code config-
ured to, with the at least one processor, cause the apparatus
to at least perform:

determining at least one fingerprint information indicative

of at least one 1dentifier of a cellular and/or a non-
cellular radio network, wherein based on the identifier
at least one cell of the cellular radio network and/or at
least one node of the non-cellular radio network 1is
identifiable; sending the at least one fingerprint infor-
mation, wherein the at least one fingerprint information
comprises or 1s accompanied by a first set of tuning
parameters 1n case such a set of tuning parameters 1s
stored 1n a memory;

receiving a second set of tuning parameters 1n response to

the sending of the at least one fingerprint information,
wherein the first and/or the second set of tuning param-
eters respectively comprise a correction value for com-
pensating a bias for the at least one fingerprint infor-
mation; and

storing the received second set of tuning parameters,

wherein the first set of tuning parameters 1s updated
with the second set of tuning parameters enabling to
iteratively converge the set of tuning parameters to the
actual bias.

Embodiment 2

The first apparatus according to embodiment 1, wherein
the second set of tuning parameters 1s stored only 1n case the
first set of tuning parameters 1s outdated.

Embodiment 3

The first apparatus according to embodiment 1 or embodi-
ment 2, wherein the second set of tuning parameters 1s

received only 1n case the first set of tuning parameters 1s
outdated.

Embodiment 4

The first apparatus according to any of the preceding
embodiments, wherein the at least one fingerprint informa-
tion does not comprise or 1s not accompanied by the first set
of tuning parameters 1n case the first set of tuning parameters
has changed.

Embodiment 5

The first apparatus according to any of the preceding
embodiments, wherein the at least one fingerprint informa-
tion further comprises or represents one or more signal
strength values, wherein each of the one or more signal
strength values 1s indicative of a signal strength of one or
more signals observable at the location at which one or more
measurements used for determining the at least one finger-
print information are gathered, and wherein the one or more
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signals are sent by at least one cell of the cellular radio
network and/or by at least one radio node of the non-cellular

radio network.

Embodiment 6

The first apparatus according to any of the preceding
embodiments, the at least one fingerprint information 1is
comprised by a positioning request that 1s sent.

Embodiment 7

The first apparatus according to any of the preceding
embodiments, wherein the at least one fingerprint informa-
tion 1s determined based at least partially on one or more
measurements gathered by at least one sensor.

Embodiment &

The first apparatus according to any of the preceding
embodiments, wherein the first apparatus 1s or 1s part of
mobile terminal.

Embodiment 9

The first apparatus according to any of the preceding
embodiments, wherein the memory 1s comprised by the first
apparatus.

Embodiment 10

The first apparatus according to any of the preceding
embodiments, the at least one memory and the computer
program code configured to, with the at least one processor,
cause the apparatus further to perform:
determining a status information indicative of whether or
not the first set of tuning parameters 1s outdated 1n case
such a first set of tuning parameters 1s stored, wherein
the status information 1s determined based at least
partially on one or more reset parameters indicative of
a change of a device specific parameter,

wherein the status information 1s determined prior to the
sending of the positioning request, and wherein depen-
dent upon the status information the first set of tuning
parameters 1s comprised by or 1s accompanying the
positioning request.

Embodiment 11

The first apparatus according to embodiment 10, wherein
the one or more reset parameters are represented by one or
more of the following device specific changes:

1) one or more firmware changes;

11) one or more physical changes;

111) one or more further changes influencing the one or

more measurements gathered by the at least one sensor.

Embodiment 12

A second apparatus comprising at least one processor and
at least one memory including computer program code, the
at least one memory and the computer program code con-
figured to, with the at least one processor, cause the appa-
ratus to at least perform:

receiving at least one fingerprint information indicative of

at least one 1dentifier of a cellular and/or a non-cellular
radio network, wherein based on the identifier at least
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one cell of the cellular radio network and/or at least one
node of the non-cellular radio network 1s 1dentifiable,
wherein the at least one fingerprint information option-
ally comprises or 1s accompanied by a first set of tuning
parameters;

determiming a second set of tuning parameters, wherein
the first and/or the second set of tuning parameters
respectively comprise a correction value for compen-
sating a bias for the at least one fingerprint information,
wherein based at least partially on the correction value
device specific parameters influencing the at least one
fingerprint information can be compensated; and

outputting the determined second set of tuning param-
eters.

Embodiment 13

The second apparatus according to embodiment 12,
wherein the second set of tuning parameters 1s determined
based at least partially on the at least one fingerprint infor-
mation and optionally on the first set of tuning parameters,
wherein the second set of tuning parameters converges to the
actual bias 1n case the second set of tuning parameters 1s
determined based at least partially on the at least one
fingerprint information and the first set of tuning parameters.

Embodiment 14

The second apparatus according to embodiment 12 or
embodiment 13, wherein the at least one fingerprint infor-
mation 1s relayed by a third apparatus to the second appa-
ratus, wherein the third apparatus comprises or 1s connect-
able to a memory comprising one or more sets of tuning
parameters, wherein the at least one fingerprint information
1s relayed together with a corresponding set of tuning
parameters to the second apparatus.

Embodiment 15

The second apparatus according to any of the embodi-
ments 12 to 14, the at least one memory and the computer
program code configured to, with the at least one processor,
cause the apparatus further to perform:

determiming or trigger determining a location estimate

based at least partially on the at least one fingerprint
information; and wherein the second set of tuning
parameters 1s further determined based at least partially
on the location estimate and a location representation of
the location of a device that determined the at least one
fingerprint information prior to the receiving of the at
least one fingerprint information.

Embodiment 16

The second apparatus according to any of the embodiment
12 to 15, wherein the at least one fingerprint information
further comprises or represents one or more signal strength
values, wherein each of the one or more signal strength
values 1s indicative of a signal strength of one or more
signals observable at the location at which one or more
measurements used for determining the at least one finger-
print information are gathered, and wherein the one or more
signals are sent by at least one cell of the cellular radio
network and/or by at least one radio node of the non-cellular
radio network.

Embodiment 17

The second apparatus according to any of the embodi-
ments 12 to 16, wherein the determined second set of tuning
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parameters 1s outputted only 1n case the determined second
set of tuning parameters differs from the first set of tuning
parameters 1 case such a {first set of tuning parameters 1s
received.

Embodiment 18

The second apparatus according to any of the embodi-
ments 12 to 17, wherein the second apparatus 1s or 1s part of
server or a server cloud.

Embodiment 19

A first method, comprising:

determining at least one fingerprint information indicative
of at least one 1dentifier of a cellular and/or a non-
cellular radio network, wherein based on the identifier
at least one cell of the cellular radio network and/or at
least one node of the non-cellular radio network 1s
identifiable:

sending the at least one fingerprint information, wherein
the at least one fingerprint information comprises or 1s
accompanied by a first set of tuning parameters in case
such a set of tuning parameters 1s stored in a memory;

receiving a second set of tuning parameters 1n response to
the sending of the at least one fingerprint information,
wherein the first and/or the second set of tuning param-
eters respectively comprise a correction value for com-
pensating a bias for the at least one fingerprint infor-
mation; and

storing the received second set of tuning parameters,
wherein the first set of tuning parameters 1s updated
with the second set of tuning parameters enabling to
iteratively converge the set of tuning parameters to the
actual bias.

Embodiment 20

The first method according to embodiment 19, wherein
the second set of tuming parameters 1s stored only 1n case the
first set of tuning parameters 1s outdated.

Embodiment 21

The first method according to embodiment 19 or embodi-
ment 20, wherein the second set of tuning parameters 1s
received only 1n case the first set of tuning parameters 1s
outdated.

Embodiment 22

The first method according to any of the embodiments 19
to 21, wherein the at least one fingerprint information does
not comprise or 1s not accompanied by the first set of tuning
parameters 1 case the first set of tuning parameters has
changed.

Embodiment 23

The first method according to any of the embodiments 19
to 22, wherein the at least one fingerprint information further
comprises or represents one or more signal strength values,
wherein each of the one or more signal strength values 1s
indicative of a signal strength of one or more signals
observable at the location at which one or more measure-
ments used for determining the at least one fingerprint
information are gathered, and wherein the one or more
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signals are sent by at least one cell of the cellular radio
network and/or at least one radio node of the non-cellular

radio network.

Embodiment 24

The first method according to any of the embodiments 19
to 23, wherein the at least one fingerprint information 1s
comprised by a positioning request that 1s sent.

Embodiment 25

The first method according to any of the embodiments 19
to 24, wherein the at least one fingerprint information 1s

determined based at least partially on one or more measure-
ments gathered by at least one sensor.

Embodiment 26

The first method according to any of the embodiments 19
to 25 further comprising:
determining a status information indicative of whether or
not the first set of tuning parameters 1s outdated 1n case
such a first set of tuning parameters 1s stored, wherein
the status information 1s determined based at least
partially on one or more reset parameters indicative of
a change of a device specific parameter,
wherein the status information 1s determined prior to the
sending of the positioning request, and wherein depen-
dent upon the status information the first set of tuning
parameters 1s comprised by or 1s accompanying the
positioning request.

Embodiment 27

The first method according to embodiment 26, wherein
the one or more reset parameters are represented by one or
more of the following device specific changes:

1) one or more firmware changes;

11) one or more physical changes;

111) one or more further changes influencing the one or

more measurements gathered by the at least one sensor.

Embodiment 28

A second method, comprising:

recerving at least one fingerprint information indicative of
at least one 1dentifier of a cellular and/or a non-cellular
radio network, wherein based on the identifier at least
one cell of the cellular radio network and/or at least one
node of the non-cellular radio network 1s 1dentifiable,
wherein the at least one fingerprint information option-
ally comprises or 1s accompanied by a first set of tuning,
parameters;

determining a second set of tuning parameters, wherein
the first and/or the second set of tuning parameters
respectively comprise a correction value for at least
partially on the correction value device specific param-
cters influencing the at least one fingerprint information
can be compensated; and

outputting the determined second set of tuning param-
eters.

Embodiment 29

The second method according to embodiment 28, wherein
the second set of tuning parameters 1s determined based at
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least partially on the at least one fingerprint information and
optionally on the first set of tuning parameters, wherein the
second set of tuning parameters converges to the actual bias
in case the second set of tuning parameters 1s determined
based at least partially on the at least one fingerprint infor-
mation and the first set of tuming parameters.

Embodiment 30

The second method according to embodiment 28 or
embodiment 29, wherein the at least one fingerprint infor-
mation 1s relayed by a third apparatus to the second appa-
ratus, wherein the third apparatus comprises or 1s connect-
able to a memory comprising one or more sets of tuning
parameters, wherein the at least one fingerprint information
1s relayed together with a corresponding set of tuning
parameters to the second apparatus.

Embodiment 31

The second method according to any of the embodiments
28 to 30, further comprising:

determining or trigger determiming a location estimate
based at least partially on the at least one fingerprint
information; and wherein the second set of tuning
parameters 1s further determined based at least partially
on the location estimate and a location representation of
the location of a device that determined the at least one
fingerprint information prior to the receiving of the at
least one fingerprint information.

Embodiment 32

The second method according to any of the embodiments
28 to 31, wherein the at least one fingerprint information
turther comprises or represents one or more signal strength
values, wherein each of the one or more signal strength
values 1s indicative of a signal strength of one or more
signals observable at the location at which one or more
measurements used for determining the at least one finger-
print information are gathered, and wherein the one or more
signals are sent by at least one cell of the cellular radio
network and/or by at least one radio node of the non-cellular
radio network.

Embodiment 33

The second method according to any of the embodiments
28 to 32, wherein the determined second set of tuning
parameters 1s outputted only 1n case the determined second
set of tuning parameters differs from the first set of tuning
parameters in case such a first set of tuning parameters 1s
received.

Embodiment 34

A first apparatus configured to perform and/or control or
comprising respective means for performing and/or control-
ling the method of any of the embodiments 19 to 27.

Embodiment 35

The first apparatus according to embodiment 34, wherein
the first apparatus 1s or 1s part ol mobile terminal.
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Embodiment 36

The first apparatus according to embodiment 34 or
embodiment 35, wherein a memory 1s comprised by the first
apparatus.

Embodiment 37

A second apparatus configured to perform and/or control
or comprising respective means for performing and/or con-
trolling the method of any of the embodiments 28 to 33.

Embodiment 38

The second method according to embodiment 37, wherein
the second apparatus is or 1s part of server or a server cloud.

Embodiment 39

A first computer program, the computer program when
executed by a processor causing an apparatus to perform
and/or control the actions of the method according to any of
the embodiments 19 to 27.

Embodiment 40

A second computer program, the computer program when
executed by a processor causing an apparatus to perform
and/or control the actions of the method according to any of

the embodiments 28 to 33.

Embodiment 41

A first tangible computer-readable medium storing com-
puter program code, the computer program code when
executed by a processor causing an apparatus to perform
and/or control the actions of the first method according to
any of the embodiments 19 to 27.

Embodiment 42

A second tangible computer-readable medium storing
computer program code, the computer program code when
executed by a processor causing an apparatus to perform
and/or control the actions of the second method according to
any of the embodiments 28 to 33.

Embodiment 43

A system, comprising:

at least one first apparatus according to any of the embodi-
ments 1 to 11, which 1s configured to perform and/or control
the method according to any of the embodiments 19 to 27,

and at least one second apparatus according to any of the
embodiments 12 to 18, which 1s configured to perform

and/or control the method according to any of the embodi-
ments 28 to 33.

Embodiment 44

A system, comprising:

at least one first apparatus according to any of the embodi-
ments 34 to 36; and

at least one second apparatus according to any of the
embodiments 37 or 38.
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Embodiment 45

The system according to embodiment 44, further com-
prising at least one third apparatus that 1s configured to
perform and/or control the method steps of embodiment 30.

In the present specification, any presented connection in
the described embodiments 1s to be understood 1n a way that
the 1nvolved components are operationally coupled. Thus,
the connections can be direct or indirect with any number or
combination of intervening elements, and there may be
merely a functional relationship between the components.

Moreover, any ol the methods, processes and actions
described or illustrated herein may be implemented using
executable 1nstructions in a general-purpose or special-
purpose processor and stored on a computer-readable stor-
age medium (e.g., disk, memory, or the like) to be executed
by such a processor. References to a ‘computer-readable
storage medium’ should be understood to encompass spe-
cialized circuits such as FPGAs, ASICs, signal processing
devices, and other devices.

The expression “A and/or B” 1s considered to comprise
any one of the following three scenarios: (1) A, (11) B, (11) A
and B. Furthermore, the article “a” 1s not to be understood
as “one”, 1.e. use of the expression “an element” does not
preclude that also further elements are present. The term
“comprising” 1s to be understood 1n an open sense, 1.€. 1n a
way that an object that “comprises an element A” may also
comprise further elements in addition to element A.

It will be understood that all presented embodiments are
only exemplary, and that any feature presented for a par-
ticular example embodiment may be used with any aspect of
the invention on 1ts own or 1n combination with any feature
presented for the same or another particular example
embodiment and/or 1n combination with any other feature
not mentioned. In particular, the example embodiments
presented 1n this specification shall also be understood to be
disclosed 1n all possible combinations with each other, as far
as 1t 1s technically reasonable and the example embodiments
are not alternatives with respect to each other. It will further
be understood that any feature presented for an example
embodiment 1n a particular category (method/apparatus/
computer program/system) may also be used 1n a corre-
sponding manner 1n an example embodiment of any other
category. It should also be understood that presence of a
feature 1 the presented example embodiments shall not
necessarily mean that this feature forms an essential feature
of the invention and cannot be omitted or substituted.

The statement of a feature comprises at least one of the
subsequently enumerated features 1s not mandatory in the
way that the feature comprises all subsequently enumerated
features, or at least one feature of the plurality of the
subsequently enumerated features. Also, a selection of the
enumerated features 1 any combination or a selection of
only one of the enumerated features 1s possible. The specific
combination of all subsequently enumerated features may as
well be considered. Also, a plurality of only one of the
enumerated features may be possible.

The sequence of all method steps presented above 1s not
mandatory, also alternative sequences may be possible.
Nevertheless, the specific sequence ol method steps exem-
plarily shown in the figures shall be considered as one
possible sequence of method steps for the respective
embodiment described by the respective figure.

The mvention has been described above by means of
example embodiments. It should be noted that there are
alternative ways and variations which are obvious to a
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skilled person 1n the art and can be implemented without
deviating from the scope of the appended claims.
The mvention claimed 1s:
1. A first apparatus comprising at least one processor and
at least one memory including computer program code, the
at least one memory and the computer program code con-
figured to, with the at least one processor, cause the appa-
ratus to at least perform:
determining at least one fingerprint information indicative
of at least one 1dentifier of a cellular and/or a non-
cellular radio network, wherein based on the identifier
at least one cell of the cellular radio network and/or at
least one node of the non-cellular radio network 1is
identifiable;
sending the at least one fingerprint information, wherein
the at least one fingerprint information comprises or 1s
accompanied by a first set of tuming parameters 1n case
such a set of tuning parameters 1s stored 1n a memory;

recerving a second set of tuning parameters 1n response to
the sending of the at least one fingerprint information,
wherein the first and/or the second set of tuning param-
eters respectively comprise a correction value for com-
pensating a bias for the at least one fingerprint infor-
mation; and

storing the received second set of tuning parameters,

wherein the first set of tuning parameters 1s updated
with the second set of tuning parameters enabling to
iteratively converge the set of tuning parameters to the
actual bias.

2. The first apparatus according to claim 1, wherein the
second set of tuning parameters 1s stored only 1n case the
first set of tuning parameters 1s outdated.

3. The first apparatus according to claim 1, wherein the
second set of tuning parameters 1s received only 1n case the
first set of tuning parameters 1s outdated.

4. The first apparatus according to claim 1, wherein the at
least one fingerprint information does not comprise or 1s not
accompanied by the first set of tuning parameters in case the
first set of tuning parameters has changed.

5. The first apparatus according to claim 1, wherein the at
least one fingerprint information further comprises or rep-
resents one or more signal strength values, wherein each of
the one or more signal strength values 1s indicative of a
signal strength of one or more signals observable at the
location at which one or more measurements used for
determining the at least one fingerprint information are
gathered, and wherein the one or more signals are sent by at
least one cell of the cellular radio network and/or by at least
one radio node of the non-cellular radio network.

6. The first apparatus according to claim 1, wherein the at
least one fingerprint information 1s comprised by a position-
ing request that 1s sent.

7. A second apparatus comprising at least one processor
and at least one memory mcluding computer program code,
the at least one memory and the computer program code
configured to, with the at least one processor, cause the
second apparatus to at least perform:

receiving at least one fingerprint information indicative of

at least one 1dentifier of a cellular and/or a non-cellular
radio network, wherein based on the i1dentifier at least
one cell of the cellular radio network and/or at least one
node of the non-cellular radio network 1s 1dentifiable,
wherein the at least one fingerprint information com-
prises or 1s accompanied by a first set of tuning param-
elers;

determining a second set of tuning parameters, wherein

the first and the second set of tuning parameters respec-
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tively comprise a correction value for compensating a
bias for the at least one fingerprint information,
wherein based at least partially on the correction value
the at least one fingerprint information can be compen-
sated for device specific parameters that influence the at
least one fingerprint information; and

outputting the determined second set of tuning param-

eters.

8. The second apparatus according to claim 7, wherein the
second set of tuning parameters 1s determined based at least
partially on the at least one fingerprint information and on
the first set of tuming parameters, wherein the second set of
tuning parameters converges to the actual bias in case the
second set of tuning parameters 1s determined based at least
partially on the at least one fingerprint information and the
first set of tuning parameters.

9. The second apparatus according to claim 7, wherein the
at least one fingerprint information 1s relayed by a third
apparatus to the second apparatus, wherein the third appa-
ratus comprises or 1s connectable to a memory comprising
one or more sets of tuning parameters, wherein the at least
one fingerprint information 1s relayed together with a cor-
responding set of tuning parameters to the second apparatus.

10. The second apparatus according to claim 7, the at least
one memory and the computer program code configured to,
with the at least one processor, cause the apparatus further
to perform:

determining or trigger determining a location estimate

based at least partially on the at least one fingerprint
information; and
wherein the second set of tuming parameters 1s further
determined based at least partially on the location
estimate and a location representation of the location of
a device that determined the at least one fingerprint
information prior to the receiving of the at least one
fingerprint information.
11. The second apparatus according to claim 7, wherein
the at least one fingerprint information further comprises or
represents one or more signal strength values, wherein each
of the one or more signal strength values 1s indicative of a
signal strength of one or more signals observable at the
location at which one or more measurements used for
determining the at least one fingerprint mformation are
gathered, and wherein the one or more signals are sent by at
least one cell of the cellular radio network and/or by at least
one radio node of the non-cellular radio network.
12. A first method, comprising:
determining at least one fingerprint information indicative
of at least one 1dentifier of a cellular and/or a non-
cellular radio network, wherein based on the i1dentifier
at least one cell of the cellular radio network and/or at
least one node of the non-cellular radio network 1is
identifiable:
sending the at least one fingerprint information, wherein
the at least one fingerprint information comprises or 1s
accompanied by a first set of tuning parameters in case
such a set of tuning parameters 1s stored in a memory;

receiving a second set of tuning parameters 1n response to
the sending of the at least one fingerprint information,
wherein the first and/or the second set of tuning param-
eters respectively comprise a correction value for com-
pensating a bias for the at least one fingerprint infor-
mation; and
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storing the recerved second set of tuning parameters,
wherein the first set of tuning parameters 1s updated
with the second set of tuming parameters enabling to
iteratively converge the set of tuning parameters to the
actual bias.

13. The first method according to claim 12, wherein the
second set of tuning parameters 1s stored only 1n case the
first set of tuning parameters 1s outdated.

14. The first method according to claim 12, wherein the
second set of tuning parameters 1s received only 1n case the
first set of tuning parameters 1s outdated.

15. The first method according to claim 12, wherein the at
least one fingerprint information does not comprise or 1s not
accompanied by the first set of tuning parameters in case the
first set of tuning parameters has changed.

16. The first method according to claim 12, wherein the at
least one fingerprint information further comprises or rep-
resents one or more signal strength values, wherein each of
the one or more signal strength values 1s indicative of a
signal strength of one or more signals observable at the
location at which one or more measurements used for
determining the at least one fingerprint information are
gathered, and wherein the one or more signals are sent by at
least one cell of the cellular radio network and/or by at least
one radio node of the non-cellular radio network.

17. The first method according to claim 12, wherein the at
least one fingerprint information 1s comprised by a position-
ing request that 1s sent.

18. The first apparatus according to claim 1, wherein the
at least one memory and the computer program code are
turther configured to, with the at least one processor, cause
the apparatus to determine a status information indicative of
whether or not the first set of tuning parameters i1s outdated
in case such a first set of tuning parameters 1s stored, wherein
the status information 1s determined based at least partially
on one or more reset parameters indicative of a change of a
device specific parameter, wherein the status information 1s
determined prior to the sending of a positioning request, and
wherein dependent upon the status mnformation the first set
of tuning parameters 1s comprised by or 1s accompanying the
positioning request.

19. The first apparatus according to claim 18, wherein the
one or more reset parameters are represented by one or more
of the following device specific changes:

1) one or more firmware changes;

11) one or more physical changes; or

111) one or more further changes influencing one or more

measurements gathered by at least one sensor.

20. The first method according to claim 12, further
comprising determining a status information indicative of
whether or not the first set of tuning parameters i1s outdated
in case such a first set of tuning parameters 1s stored, wherein

the status information 1s determined based at least partially
on one or more reset parameters indicative of a change of a
device specific parameter, wherein the status information 1s
determined prior to the sending of a positioning request, and
wherein dependent upon the status information the first set
of tuning parameters 1s comprised by or 1s accompanying the
positioning request.
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